Introduction
Managing the airway of a patient with craniofacial disorders poses many challenges to the anaesthesiologist. Anatomical abnormalities may affect only intubation, only airway management, or both. Another complicating factor in paediatric patients is how abnormalities change with growth. Airway abnormalities may improve, worsen, or remain the same as craniofacial structures mature. This article focuses first on which anatomic abnormalities may influence airway management and then reviews various craniofacial syndromes and airway management considerations.
Anatomical abnormalities
Structurally the airway consists of bony and softtissue elements. The effects of these elements on airway structure may be interdependent or independent of each other. The various areas of the airway to consider include the oral cavity, anterior mandibular space, maxilla, temporomandibular joint and vertebral column.
Oral cavity
The oral cavity can be viewed as a box bounded by the bony structures of the maxilla and the mandible, and filled to some extent by the soft tissue of the tongue. The ratio of volume of the oral cavity to the tongue indicates the likelihood of upper airway obstruction. Maxillary or mandibular abnormalities will change the volume of the box. Craniofacial disorders are often associated with tongue enlargement, rarely with decreased tongue size. As the ratio of soft tissue (tongue) to volume of the oral cavity increases, the probability of airway obstruction increases.
Anterior mandibular space
The anterior mandibular space is the space within the mandible into which the soft tissue of the tongue can be displaced during laryngoscopy. Any condition that makes this space small relative to the size of the tongue will make tracheal intubation more difficult. Mandibular hypoplasia, e.g. Pierre Robin sequence, is a good example. Another condition is an anterior larynx in which the larynx sits high, under the base of the tongue. Because an anterior larynx leaves no space into which to displace the tongue, the larynx remains anterior to the laryngoscope blade and cannot be seen during intubation.
Maxillary considerations
Maxillary hypoplasia can change the mass-to-volume ratio of the upper airway in a similar manner to tongue hyperplasia or mandibular hypoplasia, making airway obstruction more likely. Patients who have maxillary hypoplasia, e.g. Apert syndrome, often have some degree of nasal obstruction and/or choanal stenosis. The result is that these patients are primarily mouth breathers and suffer obstruction if their mouths are closed. Fortunately, these patients usually have mandibles of normal size, so that tracheal intubation is not difficult.
Temporomandibular joint
Another important consideration is function of the temporomandibular joint (TMJ), the hinge that opens the upper airway and also translocates the lower jaw forward. It may seem that abnormalities in which the jaw opens but does not slide forward would make visualization of the trachea easy, but this is not the case. Translocation can be easily tested by asking the patient to jut his jaw forward.
Restricted opening of the TMJ is more common than failure of translocation. In cases of restricted opening, it is important to determine if rigidity is fixed or may be overcome once the patient is anaesthetized. Causes of fixed rigidity of the TMJ include congenital conditions or previous trauma, and these will not change with anaesthesia. However, if trismus is secondary to pain or inflammation, then it may be possible to open the TMJ fully to access the oral cavity once the patient is asleep.
Vertebral column
Function of the vertebral column, particularly the lower cervical region and the atlanto-occipital section, to allow flexion and extension of the neck affects the ability of the anaesthesiologist to manage the airway. Flexion and extension of the neck is necessary to align the axes of the trachea and oral cavity to provide a line of sight for intubation. Vertebral fusion, hemivertebrae and arthritic changes may decrease cervical mobility to the extent that tracheal intubation is difficult or impossible. Other disease processes or congenital conditions may cause instability of the vertebral column and put the spinal cord in danger of impingement. In these circumstances, motion of the neck must be avoided and alternate methods of intubation sought.
Soft tissues
Soft tissue conditions that cause airway management problems usually fall into two categories: those that limit movement of the airway and those that distort the airway by mass effects.
Soft-tissue problems that limit airway movement usually affect mouth opening. A feature of FreemanSheldon syndrome is fixed microstomia -limitation of movement of oral tissues that does not respond to efforts at muscular relaxation. Other rare disorders that limit movement of soft airway tissues include fibrofacial myositis ossificans and dermatomyositis.
Mass effects on the airway because of soft-tissue abnormalities may be congenital in origin, the result of surgical interventions, or the result of diseases that develop later in life. Of the congenital problems, macroglossia is one of the most common. In this condition, the tongue is enlarged and fills the oral cavity, making visualization of the larynx difficult. Macroglossia occurs in Beckwith-Wiedemann syndrome, Down's syndrome, Sturge-Weber syndrome and various syndromes associated with dwarfism. Other problems that cause mass effects, include soft-tissue tumours and various forms of arteriovenous malformations. Sometimes these can cause secondary problems by erosion or mechanical obstruction of different structures.
Craniofacial disorders and anaesthetic management
Craniofacial conditions that most often affect intubation and airway management include cleft lip and palate with or without Pierre Robin syndrome, craniofacial dysostosis, mandibulofacial dysostosis/ Treacher Collins syndrome, hemifacial microsomia, Klippel-Feil syndrome, Beckwith-Wiedemann syndrome, trisomy 21/Down's syndrome, Freeman-Sheldon/whistling face syndrome/craniocarpotarsal dysplasia, fibrodysplasia ossificans progressiva, mucopolysaccharidosis and vascular malformations.
Cleft lip and palate
Cleft lip and/or palate is the most common type of craniofacial disorder, occurring in about one in 750 live births. This condition may exist by itself or be associated with other craniofacial syndromes (1, 2). Patients with isolated cleft lip usually do not have airway problems. However, cleft palate can cause difficulties during airway management. If the tongue falls into the cleft it may obstruct the nasal airway, and when relaxation of the oropharyngeal musculature allows the tongue to fall posteriorly, the tongue may obstruct the oropharynx completely (3). In patients with isolated cleft palate, this problem is easily overcome by placing an oropharyngeal airway.
In patients with cleft palate and other structural abnormalities, the cleft palate probably resulted from the tongue interfering with closure of the palatal shelves in utero (4). This often occurs when the tongue is normal in size but the oral cavity is small because of hypoplasia of a mandible or maxilla. Therefore, any syndrome involving larger tongue volume or decreased oral cavity size may be associated with cleft palate.
One such condition often associated with cleft palate is Pierre Robin sequence of micrognathia, glossoptosis and respiratory obstruction (5) . This sequence may exist alone or as part of another syndrome. In patients with isolated Pierre Robin sequence, the mandible may grow to approximately normal size so that the patient 'grows out of' the airway obstruction (6, 7) . In patients with a syndrome in which the mandible remains proportionally smaller, airway problems will persist.
Airway management in patients with simple cleft lip and palate is usually straightforward. Judicious use of an oropharyngeal airway after induction will keep the tongue from occluding the airway. Whether there are problems intubating these patients may depend on whether the cleft is unilateral or bilateral. In bilateral clefts, the premaxilla is angled anteriorly, altering the anaesthesiologists' line of sight and hampering insertion of the laryngoscope blade. When a cleft is present on one side only, the laryngoscope blade will tend to fall into a left-sided cleft during intubation, as the tongue gets swept to the left side and alters the line of vision.
Airway management in patients with Pierre Robin sequence or associated craniofacial syndromes requires more planning and may involve the use of alternative techniques for securing the airway (8, 9) . A consideration is whether the patient can be ventilated by mask. This can be estimated from the history: if the patient does not snore or experience sleep apnoea, it is likely that his airway will remain patent during inhalation anaesthesia. However, if the patient has a history that indicates lack of airway patency during sleep then successful ventilation by mask is unlikely and in consequence the techniques for intubation must be altered. Airway morphology may change as the patient grows or as a result of surgical intervention, so the airway needs to be evaluated thoroughly each time anaesthesia is planned.
Craniofacial dysostosis
A diagnosis of craniofacial dysostosis encompasses many syndromes of which the most common are Apert, Crouzon and Pfeiffer's syndromes. All have craniosynostosis with some degree of midface hypoplasia and other abnormalities, including hypertelorism and proptosis (10) . The mandible is of normal size and, but appears to be relatively prognathic secondary to the midface hypoplasia. The palate is high and arched, while the nasal passages are small with some degree of choanal stenosis (11). As a result, these patients are primarily mouth breathers.
Patients whose craniofacial dysostosis causes severe airway problems often have obstructive apnoea and may require long-term tracheostomy to bypass the obstruction. Other structural defects of the airway include vertebral abnormalities that may limit neck motion and tracheal ring abnormalities that may necessitate the use of a smaller endotracheal tube.
The airway abnormalities typically associated with craniofacial dysostosis make management of the airway by mask difficult. Fitting the mask may be problematic because of the small midface and proptosis. Closure of the mouth occludes the oral airway as the tongue fills the smaller oral cavity, while the small nares and choanal stenosis offer resistance to air flow via the nasal route. This problem can be overcome by gently holding the mouth open during induction (instead of closing it) and pressing down with the mask to obtain a good seal. Alternatively, spraying the mouth with a topical anaesthetic such as lidocaine prior to induction will allow placement of an oral airway at light depths of anaesthesia.
Intubation of the trachea is not as difficult unless there is a major problem with neck mobility. However, a slightly smaller than expected endotracheal tube because of tracheal abnormalitiesis necessary. Nasal intubation is not contraindicated but may also require a smaller tube. 1
Mandibulofacial dysostosis/Treacher Collins syndrome
Patients with mandibulofacial dysostosis/Treacher Collins syndrome have maxillary, zygomatic and mandibular hypoplasia. Other prominent features include laterally sloping palpebral fissures, notched lower eyelids, coloboma of the eye, small mouth, high arched palate and hearing loss because of atresia of the internal and external ears. Secondary problems include cleft palate and velopharyngeal incompetence (12, 13).
Patients with these abnormalities can suffer severe airway obstruction early in the anaesthetic period, necessitating a tracheostomy to secure the airway. Mask ventilation and tracheal intubation are difficult to achieve and impossible if there are TMJ abnormalities as well. As patients with these conditions mature, increasing basilar kyphosis of the cranial base may make airway management even more difficult. These patients' respiratory function should be monitored to identify the obstructive problems early (14) .
As intubation and ventilation by mask are difficult in this group of patients, the techniques of choice are sedated fibreoptic intubation or use of a laryngeal mask airway after the patient has been anaesthetized (15) . Procedures to close the cleft palate or correct velopharyngeal insufficiency by creating a pharyngeal flap often are associated with postoperative airway obstruction. Tracheostomy is often indicated for intraoperative and postoperative airway management and respiratory care.
Hemifacial microsomia
Hemifacial microsomia is characterized by varying degrees of mandibular hypoplasia, auricular abnormalities, overlying soft-tissue loss and facial nerve weakness in some cases (16) . The condition may present bilaterally and be easily confused with Pierre Robin sequence. Goldenhar's syndrome, a variant of hemifacial microsomia, has the added features of macrostomia and vertebral bone abnormalities (17) .
Deformity of the mandible in hemifacial microsomia may be graded by the position and shape of the ramus (18). As the severity of deformation increases, the degree of difficulty in intubation also increases. Intubation is often more difficult after reconstruction of the jaw and TMJ because these procedures may be followed by soft-tissue contractures that restrict mouth opening.
Patients with Goldenhar's syndrome may have fused or hemivertebrae resulting in limitation of neck flexion and extension and increasing the difficulty of intubation (19) . If abnormalities are present bilaterally, the difficulties are similar to those in patients with Pierre Robin sequence, including extreme difficulty intubating under direct vision. Management of the airway ranges from easy to impossible for either mask ventilation or tracheal intubation. Previous anaesthesia records are usually very helpful in planning airway management, although the airway must be reexamined each time.
Klippel-Feil syndrome
In patients with Klippel-Feil syndrome, there is severe limitation of flexion/extension of the neck as a result of fusion of cervical vertebrae and atlanto-occipital abnormalities, spinal canal stenosis and scoliosis (20, 21) . Other skeletal deformities may also be present, with Sprengel's being the most common. Nonskeletal abnormalities include cardiovascular or genitourinary anomalies and sensorineural hearing loss.
It is usually easy to manage the airway by mask in patients with Klippel-Feil syndrome, although intubation is extremely difficult because of the limitation on neck movement (22) . Care must be taken in manipulating and positioning the patient because any forceful movement of the neck could cause neurological injury. Fibreoptic tracheal intubation or use of a laryngeal mask airway are the techniques of choice (23) .
Beckwith-Wiedemann syndrome
Beckwith-Wiedemann syndrome is characterized by exomphalos, macroglossia and gigantism (24) . Hyperplasia of the kidneys and pancreas also characterize this syndrome and cause patients to be prone to hypoglycaemia (25) . However, the primary cause of distress for patients with Beckwith-Wiedemann syndrome is the large, protuberant tongue. In extreme cases, the tongue may obstruct the airway so severely that cor pulmonale occurs; monitoring for hypoxia and hypoxaemia is critical to identify this condition in its early stages when it is reversible (26) .
When macroglossia causes significant symptoms, the usual treatment is partial glossectomy. The key to airway management in patients with macroglossia is not to attempt mask ventilation (which requires keeping the tongue in the mouth); tracheal intubation is required in all cases, and nasotracheal intubation is required for glossectomy. Fortunately, most of the tongue can be moved out of the way during laryngoscopy for tracheal intubation, although it may be necessary for an assistant to help hold the tongue. In the immediate postoperative period after glossectomy the tongue can swell to greater than the preoperative size, so nasotracheal intubation must be continued for several days after surgery, until swelling subsides.
Trisomy 21/Down's syndrome
Trisomy 21/Down's syndrome is the most common chromosomal abnormality. In addition to other abnormalities, patients with Down's syndrome often have a narrowed nasopharynx, a relatively large and protuberant tongue and cleft lip/palate. The larynx and cricoid ring tend to be small, predisposing to acquired subglottic stenosis. In addition, there is a high incidence of atlantoaxial subluxation in individuals with Down's syndrome, which can make extension of the neck hazardous. X-rays should be obtained if this condition is suspected and anaesthesia is planned.
Airway management considerations in the patient with Down's syndrome include keeping the relatively large tongue from occluding the airway. If surgery is performed to repair a cleft palate, the patient may require care in the intensive care unit to monitor and manage the airway until tongue swelling no longer poses a risk of obstruction. The enlarged tongue can cause or worsen obstructive sleep apnoea.
Freeman-Sheldon syndrome/whistling face syndrome/craniocarpotarsal dysplasia Freeman-Sheldon syndrome/whistling face syndrome/craniocarpotarsal dysplasia is a rare myopathic dysplasia. Contraction of the facial musculature and other soft tissues cause the patient to have a mask like facies with circumoral fibrosis and microstomia. Additional characteristics of this condition are camptodactyly with ulnar deviation and talipes equinovarus (27) .
In addition to microstomia and circumoral fibrosis, patients with craniocarpotarsal dysplasis often have contractures that limit mobility of the neck, making intubation very difficult (28). Inhalation anaesthetics are contraindicated in these patients because they are at higher risk of malignant hyperthermia (29) .
Fibrodysplasia ossificans progressiva
Fibrodysplasia ossificans progressiva is a rare genetic disorder characterized by malformations of the great toes with progressive heterotopic osteogenesis. The most common site of heterotopic ossification is around the head, neck, spine and shoulder girdle (30, 31) . The degree of difficulty of airway management corresponds to the degree of limitation caused by calcification (32) .
Mucopolysaccharidoses
The mucopolysaccharidoses are a group of genetic disorders characterized by deficiencies in enzyme production that lead to accumulation of mucopolysaccharides throughout the body. In the airway, infiltration by mucopolysaccharide deposits leads to tongue enlargement, thickening and redundancy of the soft-tissue mucosa of the oropharynx, and blockage of nasal passages. Progressive airway obstruction leads to severe respiratory compromise (33, 34) , and mask ventilation and tracheal intubation become impossible. Individuals with mucopolysaccharidoses, in the past, often died of cardiomyopathy because of the effects of mucopolysaccharide accumulation in the heart. Bone marrow transplantation has proven an effective way to reverse mucopolysaccharide deposition by supplying the missing enzyme and this treatment can actually reverse airway obstruction (35) .
Vascular malformations
Soft-tissue malformations involving vascular components can affect airway management. The most common vascular malformations are haemangioma, arteriovenous malformation and venous lymphatic malformation.
Haemangioma
Haemangioma occurs most commonly on the face and upper torso. Although haemangiomas grow rapidly in infancy, they then involute spontaneously over a year or two. Nevertheless, a haemangioma involving any part of the airway may cause complete obstruction. In severe cases a tracheostomy may be needed to bypass an obstructing haemangioma. Bleeding from a traumatized haemangioma can also compromise the airway during surgery.
Arteriovenous malformation
Arteriovenous malformations (AVMs) involving the face and airway are relatively uncommon. The major problem when they do occur is the risk of massive blood loss as a result of trauma while securing an airway. Therefore, care must be taken to avoid traumatizing the AVM during intubation. Another problem is that these lesions grow as the patient grows, and can cause erosion and distortion of adjacent structures, so a lesion involving the airway may make securing the airway difficult. Finally, these malformations can cause high-output cardiac failure and Kasabach-Merritt syndrome because of rapid consumption of platelets within the lesion. 2
Venous lymphatic malformations Venous lymphatic malformations, previously called cystic hygromas, comprise of a mixture of venous and lymphatic elements. They may be of various sizes at birth and may continue to grow postnatally. Occasionally, they can become infected or dramatically increase in size as a result of internal haemorrhage.
After surgery to remove a venous lymphatic malformation, any lymphatic tissue that was not removed may swell and proliferate. Therefore hought must be given to ongoing airway protection. Often a stay in the intensive care unit is needed until the swelling subsides.
Conclusions
Craniofacial abnormalities can affect the airway and influence airway management. The interaction of soft tissue and bony abnormalities in certain cases can pose real challenges to the anaesthesiologist. Optimal airway management depends on careful evaluation of the abnormalities in each case and modifications of technique to decrease the risk of airway complications.
